ABSTRACT
INTRODUCTION
(Che1, Che2 and Che3) are also encoded in the genomes of all Azospirillum strains 93 sequenced to date as well as in the genome of the closely related Rhodospirillum 94 centenum (7-10), suggesting they were present in the last common ancestor of these two 95 genera (Fig. 1) . The chemotaxis pathway that regulates transient increases in swimming 96 speed in response to attractants has been identified as Che1 (6). The existence of a 97 distinct pathway for controlling swimming reversals comes from the observation that 98 inactivation of cheB1 or cheR1 impaired the ability to regulate the probability of 99 swimming reversals but not mutations in either che1, cheA1 or cheY1 (11). These data 100 were interpreted to suggest that Che1 functionally interacts with the unidentified pathway 101 controlling the probability of swimming reversals (6). However, the chemotaxis at the 3' end of cheA4 were PCR amplified using cheA4Up-F, cheA4Up-R, cheA4Dwn-F 139 and cheA4Dwn-R (Table S1 ). These primers were engineered to include 5' XbaI 140 (cheA4Up-F) and 3'HindIII (cheA4Dwn-R) restriction sites for cloning into pUC19 as transformed into E.coli S17-1 for biparental mating with strains A. brasilense Sp7 and its
148
ΔcheA1 mutant derivative for allelic exchange, as previously described (15). For and cheY4Dwn-R (Table S1) cluster (Fig. 1 ) and upstream DNA sequence using che4Up-F and che4Up-R (Table S1) 165 and a 722 bp fragment overlapping the last gene of che4 ( Fig. 1 ) and including additional 166 downstream DNA sequence using che4Dwn-F and che4Dwn-R (Table S1 ). che4Dwn-R primers, respectively (Table S1) , and cloned into pUC19. The fusion 172 construct cloned in pUC19 was further digested with SalI in order to insert a SalI-173 digested gentamycin resistance cassette isolated from the p34S-Gm vector (Table 1) and 174 yield a Δche4::Gm r construct cloned in pUC19. After verification by sequencing, the genes or mutated alleles in trans, from the broad host range pRK415 vector (Table 1) .
185
The genes were cloned in-frame and downstream of the plasmid-born lac promoter with 186 engineered restriction sites and a ribosome binding site to ensure expression (Table 1 )(6).
187
Each gene was amplified from the genomic DNA of the wild type strain, using a set of 188 forward and reverse primers that are listed in Table S1 . chamber. Strains to be tested were inoculated at the center of the chamber. Eight Δche4 mutants were null for aerotaxis but displayed residual chemotaxis in the soft agar 280 assay ( Fig. 2A and 2B ). Similar patterns were observed when other carbon sources were The signaling output from Che4 is the control of the swimming reversal frequency. ΔcheA4 strain or, as expected, for the ΔcheA1ΔcheA4 strain ( Fig. 3B and 3C ). Disabling
339
Che1 in the Δche4 mutant (strain AB143) background also abolished the erratic 340 swimming behavior of the Δche4 strain, suggesting that signaling from Che1 caused this 341 behavior ( Fig. 3B and 3C ). The Δche1Δche4 mutant strain and, to a lesser extent, the
342
ΔcheA1ΔcheA4 strain also persisted and swam in circles close to the surface of the 343 coverslip (Fig. 3C ). This behavior has been associated with smooth swimming close to 
381
When inoculated alone to sterile wheat plants, the wild type and its Δche4 mutant 382 derivative were able to colonize sterile wheat roots (Fig. 6A) effects on speed. This is in contrast to the role of two chemotaxis pathways in R. 425 sphaeroides, a bacterial species that has been extensively studied in this respect (30). 
